ABSTRACT:
INTRODUCTION
Both malignant and benign adipose tissue tumors [1, 2] , as well as other soft tissue tumors [3] are frequently characterized by aberrations in chromosome bands 12q13-14. These observations suggest that the 12q13-14 region contains genes critical to neoplastic development of many soft tissues. Myxoid liposarcoma (MLPS), a relatively low-grade sarcoma of adipose tissue origin, is characterized by the specific rearrangement t(12;16)(q13.3;p11.2) [1, [4] [5] [6] [7] . This translocation, shown in Figure 1 , has been observed in most MLPS cases reported to date. The consistent presence of this rearrangement in MLPS suggests that one or more genes located at the reciprocal breakpoints are causally related to either development or progression of this tumor. Isolation of the translocation breakpoint region characteristic of MLPS would provide access to these genes and permit an understanding of the molecular basis for this disease, and could also determine whether this chromosomal region is causally related to other soft tissue tumors.
Analysis of the genomic region surrounding the zincfinger gene GLI [8, 9] , previously mapped to 12q13.3-q14.1 [10, 11] , suggested that the 12;16 breakpoint was nearby [12] . We now describe the isolation of a yeast artificial chromosome (YAC) clone containing GLI and demonstrate that this clone extends across the 12;16 translocation breakpoint region of human chromosome 12.
MATERIALS AND METHODS

Clone Isolation and Analysis
Probes were labeled with 32p-dCTP by the random priming method [13] after being excised from agarose gels. The GLI probe pKK36P1 [8] was used to screen a total human YAC library [14] as previously described [15] . Positive addresses were determined by colony hybridization; YACs were then purified by streaking for single colonies on minimal agar plates. Purified yeast colonies were grown in rich liquid medium, imbedded in agarose blocks, and analyzed on pulsed-field gels. DNA isolated from the confirmed GLIpositive YAC strain (100C4) was subcloned into kFIX II (Stratagene, LaJolla, CA) after partial MboI digestion and partial fill-in of the GATC overhang to prevent coligation events. Human X subclones (approximately 150) were identified by plaque hybridization using a human repetitive sequence probe. Subclones 1A5 and 2C6 were identified during a k walking procedure beginning at the right (URA) end of 100C4 and proceeding to GLI.
Fluorescence In Situ Hybridization (FISH) Analysis
The 100C4 YAC was biotinylated by nick translation according to the manufacturer's instructions (BRL, Gaithersburg, MD) and recovered by ethanol precipitation. FISH was performed according to the method of Pinkel et al. [16] . For whole chromosome painting (WCP) experiments, either biotinylated or Spectrum Orange-labeled probes were hybridized and visualized according to the standard Imagenetics protocol (WCPs, Imagenetics, Naperville, IL). FISH experiments were examined and photographed using a Zeiss Axiophot fluorescence microscope (Thornwood, NY), equipped with a fluorescein/rhodamine dual bandpass filter. MLPS metaphases were harvested and trypsin G-banded as previously described [17] .
RESULTS
Isolation of a YAC Clone Containing the GLI Gene
The total human YAC library developed by Albertsen et al. [14] was screened for GLI homologous YACs by our Southern blot hybridization strategy [15] . This library contains approximately 50,000 clones with a 400-kilobase (kb) average insert size representing about seven genome equivalents. One four-plate pool contained a YAC of about 390 kb that was homologous to the GLI probe pKK36P1. This YAC (100C4) was purified and shown by hybridization analysis to contain both GLI probes, pKK36P1 and pKK380 ( Fig. 2 ).
FISH Analysis Shows that the GLI YAC Spans the 12;16
Breakpoint FISH experiments were performed to determine whether 100C4 crossed the 12;16 translocation breakpoint. Figure 3 shows metaphase spreads prepared from myxoid liposarcoma (MLPS) case no. ST-88-11172 [12] after several different banding or FISH treatments. G-banding (Fig. 3A) demonstrated that this case contained the characteristic translocation (12;16)(q13.3;p11.2) in 100% of 20 metaphases examined. These results were confirmed by FISH with WCP probes (Fig. 3B) . In this painting experiment, an unrelated control YAC strain. The samples were separated on a pulsed-field gel using a 50-second pulse time at 5 V/cm for 24 hours. A Southern blot prepared from this gel was hybridized sequentially with the indicated GLI-specific probes (middle and right panels).
the biotinylated chromosome 12 probe is visualized with fluorescein, generating a green signal, while the chromosome 16 probe is directly labeled with a fluorochrome (Spectrum Orange, Imagenetics) which yields a red/orange signal. Bicolor FISH experiments (Fig. 3C ) were performed to map the 100C4 YAC with respect to the chromosome 12 breakpoint. Biotinylated YAC DNA was visualized with fluorescein (yellow-green signal), and the WCP for chromosome 12 was labeled with Spectrum Orange (red-orange signal). In addition to the YAC hybridization signal observed on the normal chromosome 12, specific hybridization was visualized on both the der(12) and der(16) chromosomes at the border between chromosome 12 and 16 sequences. The cell shown in Figure 3C had undergone endoreduplication, and the corresponding duplication of the hybridization signal confirmed its specificity. Although the hybridization signal on the der(16) was weaker than that observed on the der(12), it was highly reproducible. Additional examples of hybridization to these chromosomes are shown in Figure 3D , further supporting the conclusion that the GLI YAC contains sequences that span the t(12;16) breakpoint.
The 100C4 YAC Crosses the 12;16 Breakpoint Present in a Somatic Cell Hybrid
We developed a somatic cell hybrid (ML5-12) that retains the derivative 12 chromosome from a MLPS (case no. ST-88-13233 [12] ) but does not contain either normal 12 or derivative 16 sequences (M. Liao, unpublished observations). This hybrid retains GLI gene sequences (Fig. 4 , right panel), demonstrating that GLI is proximal to the 12;16 breakpoint, at least in the case from which the hybrid was made. Subclones of 100C4, prepared in the phage vector FIX II, were tested for localization with this hybrid along with a panel of additional chromosome 12ospecific hybrids [18] . Results demonstrate that the subclone 2C6 (Fig. 4 , middle) contains chromosome 12 sequences proximal to the breakpoint whereas 1A5 sequences (Fig. 4, left) Isolation of the YAC clone we described will now permit identification of sequences immediately flanking the breakpoint, including any that may encode a gene. Furthermore, these sequences will permit walking from chromosome 12 across the breakpoint onto chromosome 16 to isolate any transcription unit from this chromosome that may be involved. The consistent nature of the translocation, with respect to both reciprocal breakpoints and phenotype of the sarcoma, suggest that specific genes on both chromosomes must be interrupted to generate this tumor. Although a chimeric gene, analogous to the BCR-ABL gene in CML [19] , probably results from this rearrangement, regulatory alterations may be a significant factor. The phenotype of MLPS cells, apparently arrested during the preadipocyte stage of development, suggests that one or both of these genes may play a critical role during adipocyte differentiation.
